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S 

i«THuc;io» or lutctsomamic watm aw 

fcLr.CTROI BUMS II SISTBU WITH CUTS ITOGAL- 

-BLECTHOSTATIC 100081*0 (0V) 

OhMBOT Z.9. 

Representation of electron base* in the for. of ol.ctronlc 
w.Yeguldes op.n. no. poeaibilitie. In oonotruatlon of . general 
theory for the wide clu. of electron-bee. deYlcee of a uper- 
hlgh froquenoloo, ouch no trowel^ing-we taboo, baokward- 
„„ taboo, electron— aYe n^llfioro and other eystOM. Thin 
generalization In a nunbor of canoe, enableo to proYlde a 
thorough annlyeie for tho pheno.ena that occur In ouch oyoto«. 
Ho«o»er, it lo natural , that radio-frequency proportion of 
either electronic w.Y.guide (electron boa.) will be determined, 
firat of all, by lta configuration and by the character of 
electron notion In thin waveguide l.o. It will depend to a 
great extent upon the .othod of electron bear, ehaping and 
focuelng. Here In .e will endeavour to oho. a nu»bor of radio- 
frequency propertloo whioh are aqulred by the electron baa. 
when focueed by tho centrlfugal-electroBtatlo .othod. 

Let ua begin with the linear eplrotron consideration, 
binliar to the uaual traTel ing-wo or baekward-waYS tubeo 
the splratMn oon.i.t. of ..talllc waYOguldlng otructuro and 
.lectin ..YOguide Interconnected .1 ec trod ina»i call, at eo.a 
section and loaded with roaiatancoo at the ends (aee flg.1). 

A aci.eae of a typical linear eplrotron ie Illustrated 
1 - fig. 2. The waYogulding elow-waYS etiucture In a linear 
eplrotron, similar to that adopted In the usual types of 
t rawel lng-waw, tube, le represented either by the helix or 
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uyj oth.r axial wy—BtrloBl atruotura, which la eowplleatad 
to a cartala axtawt by a foouala* alaetroda. 1» far aa.tha 
alactroa wrr.guidw la oonoaraad, It la a tubular baa- with 
h.lix-typ. -otloa of alaotroaa. It la known that tha uaa of 
tubular baa-a dlaoloaaa a nanbar of poaalbilltlaa to obtain 
aaluabla radlo-fraquaney oharaotarlatloa In daaloaa of tha 
tra»alln«-waTa typa. Lot ua now oonaidar the axtant to which 
thaaa propartlaa ara praaant In the ayata- with c.ntrlfugwl 
alec troatatlo fooualn*. »e theoretical analyala of aapll- 
f loatlon of tha traaallns-oaao tuba (T IT) ahowa that wh.n 
a helix alow-wawe atruotura la filled with tubular baaa 
there appeara tha poealbUity of ayeta- bandwidth lncraaain* 
Thle la well llluetrated In a dla«ra- (aaa fig. 3) whloh waa 
given in a paper by Pearce. On the vertical axle of thla 
diagram the value of tha gain per unit length la plotted, 
while along the horleontal axia tha value of la ehown 


< where 


* * -t;; * nd 


- radios of helix) 


It mmj be seen from the dii^rii, that at filling tha 
helix with the baa. - 0.7 - 0.75. In eaa. of 

tubular baas, tha impedance changes slightly at tha increase 
of tha frequency, while in case of continuous beaa the wa*e 

Impedance decrease# sharply. 

Tha largs band width of aplrotron beam intsraotion 
with tha hallx delaying etructurs hae been experimental ly 
Tsrlf led. 

At the amplification exceeding over 20 db with drops 
of the order of 5 db., a band width with the relation of 
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baodl 1—1 ting frequenol.a of tha ordar H3 hae boon obtained 
on . lin.ar .plrotron (»• fi«.2).*i«> two coupl.d h.llx 
transducer. u..d M MtobUl d.Tloaa. It ahould b. pointed 
out that th. limitation of th. band width -a. du. to o.rtaln 
dl.p.r.lon of th. halix-Al*** ayata-. it .-all adju.t-ant 
of th. bea. weloolty. the bandwidth ... found to b. 1.4.5. 

Sino. the .l.otron. in a tubular b.aa, a. compared to 
those in p.noll b.», -ow In th. region of th. -or. ho.og.noua 
radlo-fr.qu.nojr field, they -ay b. guid.d oloa. to th. .low- 
waTO atruotur. .0 that th. effectiveness of interaction b.tw.an 
the bea- and th. delayed wav. (i.e. electronic efficiency) 

»ay be inoraaa.d. Thi. prop.rty of the .plrotron beam 1. of 
great .ignlf icanc. . ..p.cially at -all bea. current. h.n 
th. efficiency of an ordinary trawl lng-waw. tub. (T ■ T ) 
oonaid.rably d.or.aa.a. thua, for inatanc. the output of 
linear -.an pow.r .plrotron wa. found to be at th. wavelength 
12-20 cm and a current equal 25 ■». from 10 to 12. S -«tt. at 
the electron efficiency bf 25 to 50 percent. At the reduction 
of ....-length up to A - 8-10 c- a .harp d.cr.aae of bea- 
ourrent to 6 -a th. efficiency r.»ained .till high, being 
Of th. order of 23 p.r cnt. finally. the efficiency of 12 per 
cent wa. obtain.d at th. current of only 0.8 ma. 

It ahould b. m.ntlon.d, that a particular property of 
epiratron b.a», a. it a.— to ua . help, to obtain a high 
efficiency value. The point la. that in the tubular beam 
fo.-used by meana >f the centrifugal electrostatic metM.d, In 
f.e.ln* electron bunches under th. action of high-frequency 
field, a great concentration may be obtained in the axial 
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direction on account of d.focu.ing In the radial dlraotlon. 

U far ae the Imitation, of efficiency are concerned due to 
th. destroying of electron bunch.. -bloh oan not exp«>d in the 
redial direction. It should be nentlon.d <hat thin •tt'cX 
, nB b .. n convlnglngly dl.eloe.d In the known paper by Caller. 

The hlgh-fr.qu.no, outpht of the .yet.. 1. determined 
not only by the el.ctrenio effiolenoy. but aleo by the direct 
rr.nt energy tranefered by the electron bean. In thin reaped 
for th . .l.otr^io Hteitll*, - nl.etmnngn.tlc 

)0e> „ any .peak of th. nnxl— tranamittlng capacity of 
Lhe oonosr»sd# 

The direct current output of a bean or an electronic 
..engulda la determined by th. accelerating milage and 
current. In an ordinary focualng ay. ten with a longitudinal 
magnetic field, the c urrent and the voltage of the be. are 
depending on. from th. other. And, a. It la known, there 
eilete a maximum value of current .which cm be paaeed through 


the drift tube I - 32.4 *10 


3/2 


Therefore to lucre... th. power of traveling-wav. tube. 

It becomes n.o.e.ary to lncr.a-e the pha.e velocity although 

some t iaee thi* i» not desirable. 

In the syaten C», .he o urrent My be increased without 

th. necessity to oheng. th. axial velocity of electron, end 
hence th. wav. phae. velocity doe. not change. Thle la eccom- 
pll.h.d by th. increase of the focusing voltage value and the 
transition to fast rotating beam.. The maxima, current In 
the CM ey.t« I - 33X.10- 6 IW*U. -her. 

hetw.en cylinder, (in volte), 0, - axial velocity of electrons 
(In volta), C - conductivity of eyt’tem depending 
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on ths eysten geometry, 

A h* possibility of flexible paraj Ntcr control of an 
electron waveguide employed In OBF aye ten must bo also 

considered . 

Thu., for in.tanc. on th. bul. of •plrotw> n , th. baokvard - 
tub * for * 10 •» rung* with tubular b.aa and doubl. 
ti e l ix slow-wave eye tan waa realised. 

T»ie alow- wav a cystem provides a oontlnuoua alaotronlc retuning 
f .0 to 30 per oant by a tingle voltage change and a band- 
wiJth 1:2 by two vol tag a change a. The output power of thla 
♦Ube 1 a of the order of ecveral tana mf^lnru, a a It seems 
to ua the principle of electronic retuning and elec troatat ic 
| ! u-ialng were aucceaefully combined, while the ease reeulte 

in case of periodic el ec troa tatic focueing praaant mean 
while considerable di*.oultiaa. 

In the foregoing pages we considered the electron bean 
us a port of the eleotron waveguide with watched loads at tha 
«»nd«. Tat, If the output of euoh an electron waveguide will 
conn « ct «d its input, then this electron waveguide 

*'.11 be transformed to an electron resonator. The bean in euch 
a eystem after the firat interaction with thfhlgh frequency 
Meld o t the structure, la again introduced Into the interac- 
tion region, where it completes t cycles. It there are several 
•eve lengths along the length of the electron resonator. 

It -ana that we are dealing with a traveling-wave reeonator. 


more consecutive results of ihie work done in IRI 
>y l.A.hernanheveky and T . A . Noveko va will noon be 
• < t- 1 i shed 
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On the other hand, there may be electron resonator* eiallar 
to aavity resonators. In order to provide the dependence of 
the frequency properties of a eye tea just by the very electron 
resonator, the later ehould be loaded by the wavsguiding 
ntnicture without substantial reflection* at th* ends and 
moreover the electron resonator should not be ooupled with 
.n ordinary resonator. The Interaction of an electron reaunai 
r with an external circuit aay be accoapliehed on either 
wave irrespective whether it ia a elow-wav* or It has the 
velocity of light. 

The possibility of forming in the C KF ays teas, slectron 
beaas of very complicated shape enablee to ooaatruct various 
typss of electron resonators* 

The principal par t lculari tie# of an electron resonator 
can be seen at once when the ordinary klyetron ie compai ed 
with the CBP syatea, which may be called "anttklystron" 
according to It* principle of action. 

The echeae of klystron ie represented in fig. 4. Where. 

1 - is th* electron beam which is uesd as a source of energy; 

region of the interaction between the radio-frequency 
field and the beaa. 3.~Re#onant oavity used for th* accumula- 
tion of radio-frequency energy. The frequency of generated 
or amplified oscillations ie determined by thle cavity. 

A he scheme of "antlklya tron" Is repreoented in fig. 5, where: 

1 - wavs guide structure necessary to form the h lgh-f re quency 
fle.i, whi^h Interacts with the electron beaa, and to 
in*mfuce tf.e energy into the system and tb yield it out of 
the system. ? - region of interaction of the electron reso- 
nator with the external stricture. 5 - an electron resonator 
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■hlch la a toroidal electron beam with circular cr hslix 
electron trajso tories. 


Vhan a radio -frequency Hold la proaant la tha vtvt- 
guldlag a true taro, there la a flold oonponent B la tho raglon 
2 actively In tar act lag with the alaotrona. Owing to tho 
multiple circulation of tho olootron baaa In tha system 
which la equivalent to tha Multiple raflactlono of electro- 
magnetic wawo In an ordinary raaonator, an accumulation of 
Modulation will taka piaoa,ln a beam and thia naj ba consl- 
darad aa an accumulation of radio -frequency anargy in an 
electron raaonator. fha fraquancy of an alactron raaonator 
la d atarmlnad by tha alaetron circulation fraqancy and nay 
ba altarad by tha c hang a of foouolng alaotrodea potentials. 

Tha investigation of ayatano with alactron raaonatora (CBF) 
in deoinatra wave range haa ahown that auoh ay a tana provide 
anplification and ganaratlon of algnal with a wlda alactron 
re tuning of fraquancy In a band -width about 1i2. Blaotron 
reeona tore poeeaea a quality factor tha value of which 
changes from a hundred to a thousand. In the electron reson- 
ators as wall In ordinary raaonatora 14 was possible to 
eiclte overtones. 

In conclusion it should ba mentioned, that the develop- 
ment and investigation of electrostatic methods of electron 
beams formation and focusing a earns to us exceedingly actual. 

81 ectr oatatlo ays tarns guarantee progress of the existing 
lawless for auperhigfc frequencies and opens possibilities 
for developing of new methods of genoration and amplification 
of microwaves. 
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